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QUANTITY OF GASOLINE NECESSARY TO PRODUCE 
EXPLOSIVE CONDITIONS IN SEWERS. 


By G. A. Burret and H. T. Boyn. 


INTRODUCTION. 


In connection with investigations relating to safety and efficiency 
in the production and utilization of petroleum and its products, the 
Bureau of Mines cooperated with the city of Pittsburgh, Pa., in 
a study of the causes of explosions in sewers and the means by which 
such explosions may be prevented. In this report are shown the 
quantities of gasoline that must be introduced into sewers in order 
to produce explosive mixtures of gasoline vapor and air under cer- 
tain conditions. Many different factors govern explosibility, such 
as size of the sewer, velocity of the sewage, temperature of the sewer 
air, volatility and rate of inflow of the gasoline, so that only under 
identical conditions of tests would duplicate results be obtained. 

The results herein published have a wider interest than the title 
of this paper implies, as they serve to show how leakage of gasoline in 
tunnels and in mine rooms or entries can cause disastrous explosions. 


DESCRIPTION OF SEWER USED IN TESTS. 


The particular sewer wherein the first tests here recorded were 
conducted is one of the largest in the city of Pittsburgh, Pa. It is 8 
feet 3 inches wide and 8 feet 6 inches high. Figure 1 shows a plan 
of the sewer, with conditions such as existed when the first test was 
conducted. At 1, 2, 3, 4, 5, and 6 are shown the manholes where , 
samples of gas were collected. The distance from manhole 1, where 
the gasoline was dumped into the sewer, to the sewer outlet, the 
Allegheny River, is 2,706 feet. The distances between the different 
manholes are shown on the figure. 

The velocity of the sewage was established as follows: Pine floats 
°6 inches square were dropped into manhole / at a given signal. 
Stop watches were set at the same instant, and as the floats passed 
each succeeding manhole, as noted by a man standing at the foot 
of a ladder in each, the time was caught. 


TEST 1. EFFECT OF RAPID ADDITION OF GASOLINE TO SEWAGE. 


As a result of the determinations it was established that the aver- 
age velocity of the sewage was 6.45 linear feet per second. The 
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FIGURE 1,—Plan of sewer in which tests were conducted. 


depth of the flow was about 
8 inches, the amount of flow 
was 19.6 cubic feet persecond, 
and the grade of the sewer 
was 0.90 per cent. The tem- 
perature of the water in the 
sewer was 21° C. (69.8° F.). 
The temperature of the air 
just above the water was 20.3° 
C. (68.5° F.) and of the air 
above ground was 20°C. (68° 
F.). At2.10p.m., 55 gallons 
of refinery gasoline, with a 
specific gravity of 67.5° B., 
was rapidly dumped from an 
open barrel into the sewer at 
manhole 7. The barrel was 
simply turned on end and the 
gasoline dumped all at once. 

Fractionation analysis of 
the gasoline used showed re- 
sults as follows: 


Results of fractionation analysis® of 


gasoline used in test 1. 


Temper- Percentage dis- 
ature, °C. tilled over. 
40D 55 Senay Sees saeeeea’ 1. 46 
DO care Datta ekeeseoraiceed 3.4 
60st sandy dt GueseesSs2ake 7.0 
FOS cy tae Saesshe rise stack 13. 0 
QO. oa xmegtwhnd siscalsseee eens 20.5 
Oe cece Swot meee sede vince 29.5 
LUO Ss sivas tnstpeaesad oars 41.7 
WMO sd.n.G85 artchedaetenapetees 54.5 
1202.2 ted tzace ges eases. 65. 5 
190362 scioasdiess 8 Oeegs soaks 76.5 
1405 oicnadacicg tanned onies 84.0 
LOO SF ca sesismiteaso Nlssctcaae 91.0 
NOG ssp cis tasercetecs Ssae acer 97.5 
Over 160. csncscccnevesazsas 2.5 
Totals: aris tas tusniasnet<s 99. 4 
L068: ia.gae Se asia h ae ba gas oe 0.6 


COLLECTION OF SEWER-AIR 
SAMPLES. 

Some samples of gas were 

collected by lowering ex- 


@ Made by M. S. Evans, director, bureau 
of tests, city of Pittsburgh. 
> First drop distilled over at 31°C. 
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hausted glass sample tubes on the end of long poles and breaking off 
their tips by striking them against the sewer walls. The sewer air 
immediately rushed into the glass containers through the minute open- 


Brass adjustable bar 


ong pole fastened to this end I 


Wooden block 


Thumb screw 


Sample tube Broad-strap tube support 


FIGURE 2.—Device for holding evacuated gas-sampling tubes. 


ing thus afforded. Figure 2 shows the details of the device which was 
developed by M. S. Evans, director of the bureau of tests, city of 
Pittsburgh. The device was used for the first test. On the subse- 


FIGURE 3.—Iland-operated pump and rubber tubing for collecting sewer-air samples. 


quent tests samples of the sewer air were drawn from the sewer into 
bottles by means of asmall pump with a long hose attachment (fig. 3). 
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Samples of sewer air were collected from 2.12 to 4.45 p. m. as follows: 


Times at which samples of sewer air were collected. 


Sample No.— 
Manhole No.— ] 
1 2 3 4 5 6 7 8 9 
2 2.12 2. 22 2.32 2.42 2.52 3. 25 
3. 2.13 2. 23 2.33 2. 43 2.53 3.30 
4. 2.16 2.21 2. 26 2.31 2.41 2.51 
6.. 2. 20 2.30 2.40 2.50 3.00 3.50 


Before the gasoline was dumped, a sample of sewer air was taken 
at manhole 2, to determine whether any gasoline was already in the 
sewer. Analysis showed it to contain only 0.06 per cent of CO, anda 
trace of combustible gas. Hence no allowance for those constituents 
was made in other analyses. 

The analyses of the samples collected at the hours shown in the 
foregoing tabulation gave results as shown below. The methods of 
analysis used are discussed in a previous report issued by the bureau.* 


Results of analyses of sewer air samples. 


SAMPLES FROM MANHOLE 2.) 


Time of sampling. COs. ot Time of sampling. CO:. Seca 
Per cent | Per cent | Percent | Per cent 
by volume.| by volume.|| p.m. iby volume. by volume. 
0.05 2 0.08 0. 136 
05 - 06 >.01 
-12 Trace, None, 
-10 
0. 06 ¢ 0.01 
05 Trace. 
-05 Trace. 


Trace. 
None, 
None. 
None. 


None. 


a Burrell, G. A., and Boyd, H. T., Inflammability of mixtures of gasoline vapor and air: Tech. Paper 
115, Bureau of Mines, 1915. 18 pp. 

b See fig. 1. 

¢ Approximate 
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GENERAL COMMENTS ON TEST 1. 


One gallon of gasoline if entirely vaporized produces about 32 
cubic feet of vapor at ordinary temperature and pressure. If 1.5 
per cent of gasoline be adopted as the low explosive limit of mixtures 
of gasoline vapor and air, 55 gallons of gasoline would produce enough 
vapor to render explosive the air in 1,900 lineal feet of a 9-foot sewer, 
provided the sewer air and the gasoline vapor were perfectly mixed. 
It will be noted how far theoretical conditions differ from the con- 
ditions of the test, as follows: First, the gasoline flowing with the 
sewer water was rapidly carried past any particular point; second, 
only the lighter parts had a chance to evaporate at any point; and, 
third, gasoline vapor is about 3 times as heavy as air, so that mixing 
of vapor with air at an appreciable distance above the sewer water 
would be slow. Sample 1 from manhole 2, taken two minutes after 
the introduction of the gasoline, contained 0.89 per cent of gasoline. 
Sample 1 from manhole 3 contained 2.19 per cent, and was taken 
three minutes after the gasoline had been poured in. In other 
words, the relation between the movement of the gasoline down the 
sewer, the distance between the manholes, and the time of collec- 
tion of samples was such that at manhole 3 there was more gasoline 
vapor three minutes after the introduction than at manhole 2, two 
minutes after the gasoline had been poured in. The significant fact 
is that 2.19 per cent was the largest quantity of gasoline vapor in any 
sample. Only very small proportions were found at any manhole 
10 minutes after the introduction of the gasoline. It is evident that 
1 barrel of gasoline (55 gallons) poured all at once in a manhole of a 
fast-flowing sewer renders the air explosive for only a few minutes 
at any particular point. 


TEST 2. EFFECT OF GRADUAL ADDITION OF GASOLINE TO 
. SEWAGE. 


In the second test made to determine the quantity of gasoline 
necessary to render sewer air explosive under certain conditions, the 
following data were noted: 


Test items. 
Date of test, October 8, 1914. 


Velocity of sewer water, 5.38 feet per second. 
Amount of flow, 10.95 feet per second. 
Area of flow surface, 31.53 square feet per second. 


During test 2 the covers of the manholes were not removed, as 
was done in test 1. The hose connection to the pump was let down 
in some instances to within 2 inches of the sewer water and in other 
instances to within 2 feet. In test 2 the gasoline instead of being 
dumped into the sewer all at once, as in the first test, was allowed 

22083°—16——2 
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to dribble down manhole / at the rate of 5 gallons per minute, 11 
minutes being required for the barrel of 55 gallons to empty itself. 
The temperature of the sewer air at 11.40 a. m. was 68° F. (20° C.). 
The temperature of the outside air was 75° F. (24° C.). A sewer- 
air sample collected at manhole 2 before the gasoline had been 
poured in contained 0.20 per cent of carbon dioxide but no trace 
of combustible gas. The results of the analyses of samples of 
sewer air collected at the four manholes follow: 


Results of analyses of sewer-air samples collected dir’ng tect 2. 


MANHOLS: 2. 


> Height | Percent- | Height | Percent- 
Elapsed time after gasoline | of hose age of | Elapsed time after gasoline of hose age of 
began to enter sewer. above | gasoline began to enter sewer. above | gasoline 
; Water, | vapor. | water. vapor. 
1 
Inches. | Minutes. Inches. 
2 5 2 114 
2 a -10 
2 2 Trace. 
a 2 None. 
2 24 None. 
24 
} 


2 0.02 24 0.08 
2 «06 || 26 2 .12 
2 Pe |e ae 24 Trace. 
2 205 || 46 2 Trace. 
a 25 |) 31.. pa None. 
2| JA | 


GENERAL COMMENTS ON TEST 2. 


Some interesting results were obtained by alternately raising the 
hose from 2 inches to 2 feet above the water. As will be noticed, 
the highest percentage of gasoline obtained from the samples taken 
2 fect above the water was only 0.70. It will also be noted that at 
any given point the sewer rapidly cleared itself of gasoline vapor. 


oiatizes ey GOOgle 
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Pouring in the gasoline required 11 minutes. Thirteen minutes 
after the inflow of gasoline had ceased there was, at manhole 2, 2 inches 
above the water, 1.14 per cent of the vapor. Eighteen minutes after 
the inflow of gasoline, only a trace of vapor was left in the sewer air 
at that point. At manhole 4 the gasoline vapor was not swept out 
so quickly. In 16 minutes the amount was 1.10 per cent (2 inches 
above), and in 31 minutes 0.12 per cent. At certain periods, 2 inches 
above the water, dangerous atmospheres existed, but in all instances 
2 feet above the water, the quantities discovered could not have 
propagated flame. Upon ignition of the gasoline at any time during 
a period of, say, 15 minutes after the gasoline had been dumped in 
a rapid sheet of flame would have swept along the sewer. The test 
shows, therefore, that 5 gallons of gasoline per minute introduced 
into the sewer under the conditions described would produce a dan- 
gerous condition as long as the flow lasted. 


TEST 3. EFFECT OF SUBMERGING SEWER OUTLET. 


In order to better understand what effect on the vaporization of 
gasoline from a sewer outlet would be produced by entire submergence 
of the outlet, such as by high water from the Allegheny River, test 3 
was conducted on October 26, 1914. It was readily appreciated that 
the effect of having the sewer outlet submerged as suggested would 
be a slowing-up of the velocity of the sewage, and consequently 
with the same inflow of gasoline, there would result greater evapora- 
tion of gasoline in the sewer over a given length of time than if the 
gasoline were rapidly swept away by a fast current. In other words, 
there would be required a smaller quantity of gasoline to produce a 
dangerous condition, or the same quantity of gasoline would stay 
longer at a given spot. 

To carry out the test a bulkhead was built in the sewer at manhole 
3, (fig. 1). Part of the flow was diverted into the old near-by sewer 
(fig. 1) by means of sandbags, and then the water in the sewer was 
allowed to back up gradually. The gasoline was dumped into man- 
hole 2 (fig. 1) at the rate of 5 gallons per minute. Samples were 
taken at manholes 3, 4, 5, and 6 (fig. 1) on a regular schedule, alter- 
nately 2 inches and 2 feet above the water, from 11.10 a. m. until 
3.30 p.m. The results following were obtained. 
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Results of test to determine effect of submerging sewer outlet. 


SAMPLES TAKEN AT MANHOLE 8. 


GASOLINE TO PRODUCE EXPLOSIVE CONDITIONS IN SEWERS. 


Heent reel nee Fasent: 
ofhose | ageo : of hose ageo 
Time of taking sample. above | gasoline Time of taking sample. above | gasoline 
water. vapor. water. vapor. 
a.m. Inches. | Inches. 
: 2 1.47 24 0.10 
aA, 08 2 -10 
2 - 08 24 13 
aA 05 2 12 
e 24 4 
2 +20 
2 .10 
SAMPLES TAKEN AT MANHOLE 4. 
a.m. 
UNOS 355 cebtdsser sds tsdeceek a 2 0.09 2 0. 04 
pO 11 Ree cre reese a +12 24 -09 
2 13 
+ m. 24 14 
220 C5824 a sidarce'ecds succes san 2 .07 2 -20 
LOU. Se cpistene Cle aaees eevee ns 24 ll 
SAMPLES TAKEN AT MANHOLE 6. 
2 0. 63 
24 -53 
2 -55 
24 -50 
2 .68 
24 0.90 
2 1.05 
2 89 
2 1.02 
24 -36 
2 1.24 
24 1,06 


COMMENTS ON THE TEST. 


The results of the test prove that with a sewer submerged by high 
water extremely dangerous conditions can result from a small 
amount of gasoline. As will be noted from the analyses, between 
manhole 6 and manhole 6, a distance of about 500 feet, there was a 
dangerous condition five hours after the gasoline had been run in, 
It will also be observed that the percentages of gasoline were slightly 
but noticeably increasing at manholes 3 and 4 above. It can be 
readily seen that if, as might happen, a sewer should be submerged 
for several days or a weck at a time a highly dangerous condition 
would result if as much as 5 gallons of gasoline or light oil were to 
escape at one point from garages and dry-cleaning establishments or 
other places situated on its drainage basin, 
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TEST 4. EXPLOSIVE EFFECT OF VARIOUS QUANTITIES OF 
GASOLINE ADDED TO SEWER. 


The last of the four tests to determine the amount of gasoline 
vapor given off by varying quantities of gasoline in sewers was car- 
ried out November 6, 1914. Conditions were kept the same as in 
the third test, except that one-half the quantity of gasoline was used 
(274 gallons), and samples were not taken until the gasoline had been 
entirely dumped. One-half barrel of gasoline was dumped into the 
sewer through manhole 2 (fig. 1) at 11.45 a. m., and every half hour, 
from 12 m. until 4.30 p. m., samples were collected at manholes 3, 
4, 5, and 6 (fig. 1). The samples were collected 2 inches and 2 feet 
above the surface of the water. 

The results of the analysis are as follows: 


Results of analyses of sewer-air samples taken in test 4. 


Percentage of gasoline vapor Percentage of gasoline vapor 


at manhole— Ti at manhole— 
Time. 
3 4 5 

m, 

IZR.00 Less aseSteed 0.81 0.30 0.58 
Pp. 

12:30,2>: t322c5e5 -07 06 35 
VOD sic cace sew sae -08 -06 36 
LO ea acsswoassed -08 05 33 


Several samples were taken at a manhole further up the sewer 
than where the gasoline was emptied. Two of the samples were 
analyzed with results as follows: Sample 1 contained 0.07 per cent of 
carbon dioxide (CO,), and no gasoline; sample 2 contained 0.10 per 
cent of carbon dioxide, and no gasoline. 

The samples were taken to ascertain whether the gasoline vapor 
has a tendency to travel up the sewer when the outlet is submerged. 
The results obtained with the two samples analyzed indicate that the 
vapor moved only a few feet up the sewer from the point where the 
gasoline entered. 

The results of the analyses made in tests 3 and 4 indicate that 
the values of the analyses are almost in the same ratio as the quan- 
tities of gasoline used; for example, the samples collected on Novem- 
ber 6, when one-half barrel of gasoline was used, showed approxi- 
mately only one-half the percentage of gasoline vapor contained in 
the samples collected October 26, when one barrel of gasoline was 
used. The gasoline used for both tests was of the same grade. Con- 
sequently, one barrel would contain twice the volume of lighter 
hydrocarbons eontained in one-half barrel, and when poured into the 
sewer should produce about twice as much vapor. 
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VAPOR PRESSURES OF DIFFERENT GRADES OF GASOLINE. 


The volatility of gasoline, or its rate of evaporation, has an impor- 
tant bearing on its explosive effect. when present in sewers. Gasoline 
of high volatility when dumped into a sewer evaporates much more 
rapidly, and, other things being equal, will make explosive a greater 
volume of sewer air than gasoline that is not so volatile. To deter- 
mine the iapnaes the vapor pressures of five different grades of 
gasoline were deter- 
mined. The results are 

Ce «shown in figure 4. The 
- determinations were 
rf ei made by introducing 
the gasoline into a 
15-c. c. glass bulb con- 
nected with a mercury 
vacuum pump and a 
mercury manometer. 
First, the glass bulb con- 
taining the gasoline was 
cooled at a temperature 
of —78° C. (the tem- 
perature of solid carbon 
dioxide and _ acetone), 
and the air was re- 
moved from the system 
by means of the pump. 
At a temperature of 
—78° C. none of the gas- 
oline samples had an ap- 
preciable vapor pressure. 
Next the bulb, with its 
gasoline, was surrounded 
by a bath, which was 


H 


igre : “stirred and kept at con- 
FIGURE 4.—Curves showing results of vapor-pressure determina- Stant temperature, and 
tions with five different grades of gasoline. the pressure of mercury 


at different temperatures was noted. Before ee were taken, 
sufficient time was allowed for equilibrium to take place. Pressure 
readings could be made with an accuracy of +1 millimeter of mer- 
cury, and temperature readings with an accuracy of +0.2° C. 

Much difference will be noted in the results. For instance, at the 
ordinary temperature of 17.5° C. the vapor pressure of cleaner’s 
naphtha is 40 mm. of mercury; of 61° B. gasoline, 82 mm.; of 69° B. 
gasoline, 110 mm.; and of 73° B. gasoline, 212 mm. When these 
vapor pressures are expressed in terms of the percentages by volume 
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of gasoline vapor that will mix with air at the temperatures given, 
the. results become— 
Cleaner’s naphtha, 40/760 100= 5.0 per cent. 
64° B. gasoline, 82/760 100=11.0 per cent. 
69° B. gasoline, 110/760 100=15.0 per cent. 
73° B. gasoline, 212/760 100=28.0 per cent. 

In other words, at a temperature of 17.5° C., air will uniformly mix 
with almost six times as much vapor from 73° B. gasoline as from 
cleaner’s naphtha. 

Gasoline is not a definite compound and the specific-gravity test is 
a poor criterion of the nature of a particular distillate; hence, the 
above figures only approximate what the vapor pressures of different 
gasoline distillates of the given specific gravities must be, but they 
show well enough, for the purpose desired, the relative danger of explo- 
sions from the different grades of gasoline when dumped into a sewer. 


CITY INSPECTION OF SEWER AIR AT PITTSBURGH. 


The city of Pittsburgh, because of two explosions, disastrous to 
property, in one of the sewers, began, as a result of cooperative 
work with the Bureau of Mines, a systematic inspection of sewer air, 
especially in the sewer where the explosions occurred. The sewer 
is about 96 inches in diameter at its beginning and 8 feet 10 inches 
at the outlet in the Allegheny River; the depth of flow varies from 
12 inches to the entire cross section; the grade is 0.97 per cent; 
and the capacity at the outlet about 1,860 cubic feet per second. 
This sewer, which has a drainage basin of about 1,692 acres, drains 
a part of Pittsburgh that contains more automobile garages than 
any other part of the city. Four men were stationed along this 
sewer at different places equipped with apparatus with which they 
could make quick tests of the gasoline content of the sewer air at 
least once every half hour if necessary. 

During a period of about one year 6,553 tests were made, Of these 
tests 6,278, or 95.8 per cent, showed less than 0.05 per cent of gaso- 
line vapor in the sewer air; 205 tests, or about 3.13 per cent, showed 
between 0.05 and 0.1 per cent of gasoline vapor; 60 tests, or about 
0.92 per cent, showed between 0.1 and 0.2 per cent of gasoline vapor; 
6 tests, or about 0.09 per cent, showed between 0.2 and 0.4 per cent; 
and 4 tests, or 0.06 per cent, showed between 0.4 and 0.7 per cent 
gasoline vapor. 

The tests showed that the ordinary flow from garages, cleaning 
establishments, and other sources of inflammable vapor was not 
enough to produce a dangerous condition in the sewer, that normally 
it was free of explosive gas. Only 4 tests out of the 6,553 showed 
about 0.5 per cent of gasoline vapor, whereas the explosive limit is 
close to 1.5 per cent. It was concluded, therefore, that the two 


Google 


16 GASOLINE TO PRODUCE EXPLOSIVE CONDITIONS IN SEWERS. 


explosions were due to unusually large quantities of inflammable 
material being introduced into the sewer, and that such a condition 
only rarely prevails. 

As a result of the cooperative work between the Bureau of Mines 
and the city of Pittsburgh, an inspection of the sewers is being con- 
tinued by the bureau of tests, city of Pittsburgh, in order to watch for 
dangerous conditions and trace their cause to the source of the trouble 
if possible. 

SUMMARY. 

One barrel (55 gallons) of gasoline dumped at once into the sewer 
described caused the formation of an explosive mixture for a few 
minutes only at any given point. The explosive mixture was close 
to the surface of the sewer water and did not extend far into the 
upper sewer air. 

When one barrel of gasoline was poured into the sewer at the rate 
of 5 gallons per minute the highest percentage of gasoline vapor 2 
feet above the sewer water was 0.70 percent. The highest percentage 
of gasoline vapor (2 inches above the sewer water) was 1.67 per cent. 
This was found at manhole 3 (fig. 1) 64 minutes after the gasoline 
had been dumped into the sewer. Thirteen minutes after the inflow 
of gasoline had ceased there was (No. 2 manhole) 1.14 per cent of 
vapor 2 inches above the water. Eighteen minutes after the gasoline 
inflow had ceased only a trace of gasoline vapor was left in the sewer 
air at manhole 3. At manhole 4 there was 0.12 per cent of vapor 31 
minutes after the inflow had ceased. At certain periods of time, 2 
inches above the water, explosive atmospheres existed, but 2 feet 
above the water the atmospheres were not explosive. Upon ignition 
of the gasoline at any time during a period of, say, 15 minutes after 
the gasoline had been dumped in, a rapid sheet of flame would have 
swept along the sewer. 

When the sewer was bulkheaded to parallel conditions such as 
would prevail if the sewer outlet were submerged a dangerous condi- 
tion resulted from dumping into the sewer at one point one barrel 
(55 gallons) of gasoline at the rate of 5 gallons per minute. At some 
places there existed a dangerous atmosphere 5 hours after the gasoline, 
had been dumped in. 

When one-half barrel (274 gallons) of gasoline was dumped into 
the sewer at the rate of 5 gallons per minute there did not result at 
any time a dangerous condition, except during the first 15 minutes, 
when, although no samples were collected, the air-gasoline mixture 
was unquestionably explosive. 

Out of the 6,553 tests of the air in sewers of the city of Pittsburgh, 
four, or about 0.06 per cent, contained as much as 0.4 to 0.7 per cent 
of gasoline vapor. 
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valuable assistance. 
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PUBLICATIONS ON PETROLEUM TECHNOLOGY. 


A limited supply of the following publications of the Bureau of 
Mines is temporarily available for free distribution. Requests for all 
publications can not be granted, and to insure equitable distribution 
applicants are requested to limit their selection to publications that 
may be of especial interest to them. Requests for publications should 
be addressed to the Director, Bureau of Mines. 


TECHNICAL Paper 3. Specifications for the purchase of fuel oil for the Government, 
with directions for sampling oil and natural gas, by I. C. Allen. 1911. 13 pp. 

TECHNICAL Paper 10. Liquefied products from natural gas, their properties and 
uses, by I. C. Allenand G. A. Burrell. 1912. 23 pp. 

TECHNICAL Paper 25. Methods for the determination of water in petroleum and its 
products, by-I. C. Allen and W. A. Jacobs. 1912. 13 pp., 2 figs. 

TECHNICAL Paper 32. The cementing process of excluding water from oil wells as 
practiced in California, by Ralph Arnold and V. R. Garfias. 1913. 12 pp., 1 fig. 

TecunicaL Paper 37. Heavy oil as fuel for internal-combustion engines, by I. C. 
Allen. 1913. 36 pp. 

TECHNICAL Paper 38. Wastes in the production and utilization of natural gas and 
means for their prevention, by Ralph Arnold and I’. G. Clapp. 1913. 29 pp. 

TECHNICAL Paper 42. The prevention of waste of oil and gas from flowing wells in 
California, with a discussion of special methods used by J. A. Pollard, by Ralph 
Arnold and V. R. Garfias. 1913. 15 pp., 2 pls., 4 figs. 

TECHNICAL Paper 45, Waste of oil and gas in the Mid-Continent fields, by R. 8, 
Blatchley. 1914. 54 pp., 2 pls., 15 figs. 

TECHNICAL Paper 49. The flash point of oils; methods and apparatus for its deter- 
mination, by I. ©. Allen and A. 8. Crossfield. 1913. 31 pp., 2 figs. 

TecHNICAL Paper 51, Possible causes of the decline of oil wells and suggested 
methods of prolonging yield, by L. G. Huntley. 1913. 32 pp., 9 figs. 

TecunicaL Paper 57. A preliminary report on the utilization of oil and natural gas 
in Wyoming, by W. R. Calvert, with a discussion of the suitability of natural gas for 
making gasoline, by G. A. Burrell, 1918. 23 pp. 

TECHNICAL Paper 66. Mud-laden fluid applied to well drilling, by J. A. Pollard 
and A. G. Heggem. 1914. 21 pp., 12 figs. 

TECHNICAL Parer 68. Drilling wells in Oklahoma by the mud-laden fluid method, 
by A. G. Heggem and J. A. Pollard. 1914. 27 pp., 4 figs. 

TecunicaL Paper 70. Methods of oil recovery as practiced in California, by Ralph 
Arnold and V. R. Garfias. 1914. 57 pp., 7 figs. 

Tecunicat Paper 72. Problems of the petroleum industry; results of conferences 
at Pittsburgh, Pa., August l and September 10, 1913, by 1. ©. Allen, 1914. 20 pp. 

TecHNICAL PAPER 74, Physical and chemical properties of the petroleums of Cali- 
fornia, by I. C. Allen, W. A. Jacobs, A. S. Crossfield, and R. R. Matthews, 1914, 
38 pp., | fig. . 

Tecunicat Paver 79. Electric lights for ot! and gas wells, by H. HW. Clark. 1914, 
S pp. 
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